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©  Malodour-combatting  in  mobile  vacuum  toilet  system. 
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©  A  method  of  operating  a  vacuum  toilet  system 
on  a  transport  vehicle  which  system  includes 
malodour-combatting  means  (9)  to  reduce  the 
objectionable  effect  of  malodorous  air  period- 
ically  exhausted  from  the  system,  characterised 
in  that  the  combatting  means  (9)  is  used  only  at 
vehicle  speeds  below  a  preset  limit  value. 
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The  invention  relates  to  a  vacuum  toilet  system 
intended  for  installation  on  a  railroad  train  or  other 
transport  vehicle. 

Vacuum  toilet  systems  have  been  in  use  for  many 
years.  Because  a  vacuum  toilet  system  requires  con-  5 
siderably  less  rinse  water  than  a  conventional  gravity 
toilet  system  and  employs  small  gauge  piping  and  fit- 
tings,  vacuum  toilet  systems  have  proved  particularly 
useful  in  vehicles  for  passenger  transportation  such 
as  aircraft,  ships  and  trains.  w 

Conventionally,  a  vacuum  toilet  system  compris- 
es  at  least  one  toilet  bowl  connected  via  a  sewer  valve 
to  a  sewer  pipe,  the  interior  of  which  can  be  placed  un- 
der  a  substantially  lower  pressure  than  exists  inside 
the  toilet  bowl.  Each  sewer  pipe  feeds  into  a  sewage  15 
collecting  tank,  from  which  the  sewage  is  emptied  af- 
tera  certain  period  of  use  of  the  system.  Toassistthe 
emptying  of  the  toilet  bowl  following  each  occasion  of 
use  and  to  improve  the  cleanliness  and  hygiene,  the 
toilet  bowl  is  flushed  with  rinse  water  that  is  fed  into  20 
the  toilet  bowl  in  connection  with  the  discharge  of  the 
waste  contents  of  the  bowl  into  the  sewage  collecting 
tank  via  the  sewer  pipe. 

In  order  to  achieve  a  satisfactory  evacuation  of 
waste  from  the  toilet  bowl  and  to  ensure  an  effective  25 
transport  of  waste  material  through  the  sewer  pipe  to 
the  sewage  collecting  tank,  a  specific  level  of  partial 
vacuum  is  required  in  the  sewer  pipe.  This  vacuum 
level  is  usually  at  least  about  40  kPa  below  the  ambi- 
ent  pressure.  Normally,  small  vacuum  toilet  systems  30 
including  only  a  few  toilet  bowls  are  used  in  transport 
vehicles.  Systems  of  that  kind  are  described,  for  in- 
stance  in  US-A-4,297,751  and  GB-A-2,243,166.  The 
volume  that  must  be  put  under  partial  vacuum  in  that 
kind  of  system  is  small  enough  that  the  required  par-  35 
tial  vacuum  is  conveniently  generated  and  maintained 
intermittently,  which  means  that  the  required  partial 
vacuum  is  generated  only  in  connection  with  each 
waste  disposal  and  flushing  cycle.  Nevertheless,  in 
order  to  generate  the  required  partial  vacuum  the  vol-  40 
ume  of  the  air  that  must  be  drawn  from  the  sewage 
disposal  system  during  a  disposal  and  flushing  cycle 
is  quite  large,  and  the  air  must  be  drawn  rapidly  from 
the  sewage  disposal  system  in  order  for  the  disposal 
and  flushing  cycle  to  be  completed  within  an  accept-  45 
able  time. 

A  problem  with  vacuum  toilet  systems  in  trans- 
port  vehicles  is  that  the  air  that  is  expelled  from  the 
sewage  disposal  system  has  a  malodour  and  this 
malodour  can  be  bothersome  for  people  standing  50 
close  to  the  transport  vehicle,  especially  if  the  trans- 
port  vehicle  is  in  a  space  below  a  roof  or  canopy  such 
as  frequently  occurs  when  a  railroad  train  is  standing 
at  a  station.  This  problem  is  particularly  severe  in  the 
case  of  a  system  in  which  the  required  partial  vacuum  55 
is  generated  and  maintained  intermittently,  because 
of  the  large  volume  of  foul  air  that  is  drawn  rapidly 
from  the  sewage  disposal  system  during  a  disposal 

and  flushing  cycle.  This  problem  has  previously  been 
addressed  by  placing  a  filter  in  the  path  of  the  expel- 
led  air,  but  a  filter  for  effectively  combatting  such  mal- 
odours  is  relatively  expensive  and  its  effective  useful 
life  is  relatively  short. 

One  aim  of  this  invention  is  to  considerably 
lengthen  the  useful  life  of  an  odour  filter  or  other  mal- 
odour-combatting  means  installed  in  a  vacuum  toilet 
system  without  substantially  increasing  the  costs  of 
installing  and  operating  the  system 

What  constitutes  the  invention  in  terms  of  a  meth- 
od  is  set  out  in  the  following  claim  1  and  in  terms  of 
a  toilet  system  in  the  following  claim  4. 

The  invention  has  at  its  heart  the  concept  that  a 
malodour-combatting  device  is  only  needed  when  the 
transport  vehicle  is  at  a  standstill  or  is  moving  slowly 
at  or  close  to  a  station  or  halting-place.  By  employing 
this  concept,  the  useful  life  of  the  malodour-combat- 
ting  device  can  be  considerably  increased  by  reduc- 
ing  the  amount  of  time  that  it  is  actually  in  use.  In  a 
preferred  arrangement  according  to  the  invention,  a 
filter  is  used  as  an  odour  removal  device  but  need  be 
used  only  on  at  most  10%  of  the  occasions  when  air 
is  exhausted  from  the  sewage  collection  device, 
which  means  that  the  filter  may  have  a  working  life 
which  is  at  least  ten  times  longer  than  if  the  air  ex- 
hausted  from  the  sewage  collection  device  passed 
through  the  filter  on  each  occasion  on  which  air  was 
drawn  from  the  sewage  collection  device.  Conse- 
quently,  the  invention  results  in  filter  costs,  as  well  as 
the  labour  costs  for  replacement  of  filters,  being  con- 
siderably  reduced. 

Instead  of  using  a  filter  for  odour  removal  other 
known  arrangements  are  feasible,  for  instance,  gas 
scrubbers  and  arrangements  for  adding  odour- 
suppressing  or  odour-masking  additives.  Because 
such  alternative  malodour  combatting  arrangements 
are  known  in  the  art,  the  invention  will  hereafter  be 
described  only  with  reference  to  a  filter  as  an  malo- 
dour-combatting  device,  but  other  means  providing 
substantially  the  same  result  can  also  be  used  within 
the  scope  of  the  invention.  With  the  technology  of  to- 
day,  however,  the  use  of  filters  has  been  found  to  be 
the  simplest  solution. 

When  applying  the  invention,  a  convenient  solu- 
tion  is  to  provide  means  that  automatically  remove 
the  malodour-combatting  means  from  the  flow  of  ex- 
haust  air  when  the  speed  of  the  transport  vehicle  ex- 
ceeds  a  preset  limit  value.  For  instance,  in  railroad 
trains  it  is  conventional  to  establish  several  such  limit 
values  to  influence  different  systems  in  the  train.  In 
modern  high-speed  trains,  several  systems  in  the 
train  automatically  receive  a  signal  when  the  train 
speed  is  5  km/h  or  above.  This  signal  is  automatically 
turned  off  when  the  speed  again  falls  below  the  pre- 
set  value.  At  a  speed  of  40  km/h  a  second  signal  can 
be  generated,  and  this  second  signal  locks  the  doors 
of  the  train  so  that  they  cannot  be  opened.  It  has 
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proved  convenient  to  use,  in  such  trains,  this  second 
signal  as  a  control  signal  for  disabling  or  disconnect- 
ing  the  malodour-combatting  means.  By  choosing  a 
sufficiently  high  limit  value,  any  foul  smelling  air 
pumped  out  of  the  sewage  collection  device  by  the 
vacuum  generator  which  is  not  treated  by  the  malo- 
dour-combatting  means  is  dispersed  so  effectively  in 
the  atmospheric  air  by  virtue  of  the  speed  of  the  ve- 
hicle  that  no  problems  with  foul  odours  arise. 

One  simple  way  to  disable  the  malodour-combat- 
ting  means  is  to  lead  the  air  drawn  out  from  the  sew- 
age  collection  device  through  a  by-pass  duct  ar- 
ranged  in  parallel  with  the  malodour-combatting 
means.  Such  an  arrangement  includes  in  its  simplest 
form  a  closure  valve  in  the  by-pass  duct,  which  valve 
is  opened  when  the  by-pass  duct  is  to  be  activated.  If 
the  flow  resistance  of  an  open  by-pass  duct  is  consid- 
erably  lower  than  the  flow  resistance  of  a  filter  or  the 
like,  this  simple  system  operates  quite  satisfactorily. 
Should,  however,  the  malodour-combatting  device 
have  a  low  flow  resistance,  it  might  be  desirable  to 
use,  instead  of  a  simple  closure  valve  in  the  by-pass 
duct,  a  three-way  valve,  which  is  used  to  switch  the 
air  flow  to  the  malodour-combatting  means  or  to  the 
by-pass  duct.  A  more  secure  control  is  then  achieved 
which  is  independent  of  the  relative  flow  resistances 
in  the  two  possible  air  flow  paths. 

The  invention  has  been  found  to  be  especially  ad- 
vantageous  in  vacuum  toilet  systems  with  intermittent 
vacuum  generation.  However,  the  invention  may,  with 
advantage,  be  applied  also  to  so-called  constant  va- 
cuum  systems,  that  is,  systems  where  the  required 
transport  vacuum  is  continuously  maintained  in  the 
sewage  collection  device,  see  for  instance,  US-A- 
4,184,506  and  US-A-4,034,421. 

For  a  better  understanding  of  the  invention,  and 
to  show  how  the  same  may  be  carried  into  effect,  ref- 
erence  will  now  be  made,  by  way  of  example,  to  the 
accompanying  drawings,  in  which: 

Figure  1  is  a  diagrammatic  illustration  of  a  va- 
cuum  toilet  system  according  to  the  invention, 
and 
Figure  2  is  an  enlarged  partial  view  of  a  modifi- 
cation  of  the  vacuum  system  shown  in  Figure  1. 
The  vacuum  toilet  system  shown  in  Figure  1  is  de- 

signed  for  installation  in  a  passenger  transport  vehi- 
cle  such  as  a  railroad  car  or  the  like. 

The  illustrated  system  comprises  a  toilet  with  a 
waste-receiving  bowl  1,  connected  to  a  sewer  pipe  3 
via  a  normally-closed  sewer  valve  2.  The  sewer  pipe 
3  feeds,  via  an  air  separator  4,  into  a  collecting  tank 
5,  which  is  fitted  with  an  alarm  gauge  6  indicating,  for 
example,  when  the  collecting  tank  5  has  become  fil- 
led  to  such  an  extent  that  it  requires  emptying.  The 
collecting  tank  5  can  be  emptied  by  connecting  it  to 
the  atmosphere  and  simultaneously  applying  suction 
to  a  pipe  7,  which  is  normally  closed  by  means  of  a 
closure  valve  (not  shown). 

The  vacuum  generating  means  is  an  ejector  8, 
evacuating  the  sewer  pipe  3  and  the  tank  5  through 
a  filter  9  and  an  exhaust  duct  1  9a,  1  9b.  A  check  valve 
18  is  provided  between  the  exhaust  duct  19a,  19b 

5  and  the  tank  5  to  prevent  backflow  of  air  into  the  tank 
and  thereby  preserve  a  level  of  vacuum  in  the  tank  5 
and  the  sewer  pipe  3.  The  separator  4  separates  the 
air  from  the  discharged  waste  material.  The  separator 
4  can  be  of  a  very  simple  design.  Its  object  is  to  pre- 

10  vent  liquid  and  solid  matter  from  being  sucked  into  the 
exhaust  duct  19a,  19b. 

The  ejector  8  is  operated  by  compressed  air 
which  is  fed  from  a  network  17  through  a  remotely 
controlled  solenoid  valve  1  0.  Airfrom  the  compressed 

15  air  network  17  is  also  led,  via  another  remotely  con- 
trolled  solenoid  valve  11  to  a  pressuriser  12,  which 
pressurises  rinse  water  received  from  a  water  pipe  1  5 
and  delivers  it  to  the  toilet  bowl  1.  A  third  remotely 
controlled  solenoid  valve  16  releases  compressed  air 

20  for  operating  the  sewer  valve  2.  Aflush  knob  13  on  a 
wall  13a  of  the  toilet  compartment  is  connected 
through  an  interface  device  26  to  a  control  unit  14  that 
controls  the  various  functions  of  the  system. 

To  execute  a  waste  removal  and  flushing  opera- 
25  tion,  the  flush  knob  13  is  operated.  The  flush  knob  13 

sends  an  impulse  to  the  control  unit  14,  which  opens 
the  solenoid  valve  10,  permitting  compressed  air  to 
pass  through  the  ejector  8,  thus  generating  within  a 
few  seconds  a  sufficient  partial  vacuum  in  the  collect- 

30  ing  tank  5  and  sewer  pipe  3  for  carrying  out  a  waste 
removal  and  flushing  operation.  The  solenoid  valve 
10  will  remain  open  until  the  desired  vacuum  level  has 
been  reached.  At  a  preset  time  in  the  operating  cycle, 
the  valve  11  opens  and  rinse  water  is  released  to  the 

35  pressuriser  12,  which  provides  the  toilet  bowl  with 
rinse  water  under  pressure.  When  the  valve  16 
opens,  compressed  air  acts  on  the  operating  device 
of  the  sewer  valve  2  so  that  the  sewer  valve  opens. 
The  waste  material  in  the  toilet  bowl  1  is  then  forced 

40  into  the  sewer  pipe  3  by  the  difference  between  the 
ambient  pressure  and  the  partial  vacuum  induced  in 
the  sewer  pipe  3  and  is  transported  by  this  pressure 
difference  to  the  collecting  tank  5. 

Further  toilet  bowls  with  associated  piping  and 
45  other  equipment  may  be  connected  to  the  collecting 

tank  5  and  to  the  vacuum  generating  means.  How- 
ever,  a  system  with  intermittent  vacuum  generation  is 
not  suitable  for  a  system  including  a  large  number  of 
toilet  bowls.  The  number  of  toilet  bowls  in  such  a  sys- 

50  tern  is  preferably  no  more  than  two,  and  the  maximum 
number  is  normally  four.  Through  special  arrange- 
ments,  the  number  of  toilet  bowls  can  be  increased  to 
about  ten  in  a  system  with  intermittent  vacuum  pro- 
duction,  but  such  a  system  is  relatively  complicated. 

55  When  a  train  or  other  vehicle,  equipped  with  the 
illustrated  vacuum  toilet  system,  is  at  rest  (e.g.  stand- 
ing  at  a  station),  air  pumped  out  through  the  duct  1  9a, 
1  9b  passes  through  the  filter  9,  which  removes  odor- 
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iferous  material  from  the  air.  The  relatively  expensive 
filter  9  is,  however,  not  used  when  the  train  is  moving 
at  a  relatively  high  speed.  In  those  cases,  the  air 
pumped  out  through  the  duct  19a,  19b  is  led  through 
a  by-pass  duct  20  past  the  filter  9.  This  function  is 
achieved  by  opening  a  closure  valve  21  present  in  the 
by-pass  duct  20.  Preferably,  this  valve  has  a  remotely 
controlled  operating  device  22,  which  is  controlled 
from  the  control  unit  14  through  a  connection  24.  The 
vehicle  includes  a  speed  sensing  device  27  that  gen- 
erates  control  signals  depending  on  the  speed  of  the 
vehicle.  One  of  these  signals  is  fed  to  the  control  unit 
14  through  a  connection  25.  The  speed  sensing  de- 
vice  might,  for  reasons  not  connected  with  the  va- 
cuum  toilet  system,  provide  a  control  signal  when,  for 
instance,  a  speed  of  40  kn/h  is  reached,  and  this  con- 
trol  signal  may  be  used  to  control  connection  of  the 
by-pass  duct  20.  Otherwise,  a  somewhat  lower  limit 
value,  but  preferably  at  least  20  km/h,  might  be  more 
convenient.  If  the  malodour-combatting  means  9  has 
a  very  low  flow  resistance,  the  mere  opening  of  the 
valve  21  may  not  be  sufficient  for  providing  the  re- 
quired  by-pass  function.  In  that  case,  as  shown  in  fig- 
ure  2,  the  valve  21  could  be  replaced  by  a  remotely 
controlled,  three-way  valve  23,  installed  at  one  end  of 
the  by-pass  duct  20,  so  that  the  three-way  valve,  de- 
pendent  on  its  functional  position,  connects  the  by- 
pass  duct  20  in  the  exhaust  duct  1  9a,  19b  and  closes 
the  flow  path  through  the  filter  9  or  conversely  con- 
nects  the  filter  9  in  the  exhaust  duct  19a,  19b  and 
closes  the  flow  path  through  the  by-pass  duct  20.  A 
three-way  valve  connected  like  this,  positively  deter- 
mines  the  flow  path  of  the  exhausted  air  and  there- 
fore  gives  a  more  reliable  control  of  the  air  flow,  but 
will  be  somewhat  more  expensive,  than  the  arrange- 
ment  shown  in  Figure  1. 

The  invention  is  not  limited  to  the  embodiments 
shown,  since  several  variations  and  modifications 
thereof  are  feasible  within  the  scope  of  the  following 
claims.  For  example,  although  the  invention  has  been 
described  with  reference  to  a  vacuum  toilet  system  in- 
stalled  in  a  railroad  car  of  a  train  it  is  also  applicable 
to  other  passenger  transport  vehicles,  such  as  buses. 
Also,  although  vacuum  is  generated  intermittently  in 
connection  with  the  use  of  every  toilet  bowl  emptying 
into  the  tank  5  shown  in  Figure  1  ,  the  invention  is  also 
applicable  to  a  constant  vacuum  system,  in  which  the 
level  of  partial  vacuum  in  each  pipe  is  monitored  by  a 
pressure  sensing  device  and,  during  normal  use  of 
the  system,  is  constantly  kept  between  an  upper  and 
a  lower  limit  within  a  range  suitable  for  the  intended 
sewage  transport  in  the  sewer  pipe. 

Claims 

1  .  A  method  of  operating  a  vacuum  toilet  system  on 
a  transport  vehicle  which  system  includes  malo- 

dour-combatting  means  (9)  to  reduce  the  objec- 
tionable  effect  of  malodorous  air  periodically  ex- 
hausted  from  the  system,  characterised  in  that 
the  combatting  means  (9)  is  used  only  at  vehicle 

5  speeds  below  a  preset  limit  value. 

2.  A  method  according  to  claim  1,  characterised  in 
that  the  transport  vehicle  includes  means  (27)  for 
sensing  the  speed  of  the  transport  vehicle  and 

10  generating  a  signal  representative  of  the  sensed 
speed,  and  in  that  said  method  comprises  remov- 
ing  the  malodour-combatting  means  (9)  from  the 
path  of  exhausted  air  when  the  speed  represent- 
ed  by  said  signal  exceeds  said  preset  limit  value. 

15 
3.  A  method  according  to  claim  1  or  claim  2,  char- 

acterised  in  that  air  is  exhausted  from  the  system 
only  when  a  vacuum  generator  (8)  is  operated  in 
response  to  a  flushing  impulse  by  a  user  of  the 

20  toilet  system  to  create  a  partial  vacuum  in  the 
system  necessary  for  waste  transportation,  and 
in  that  operation  of  the  vacuum  generator  (8)  is 
thereafter  discontinued  until  the  next  flushing  im- 
pulse  occurs. 

25 
4.  A  vacuum  toilet  system  for  a  transport  vehicle  in- 

cluding  at  least  one  toilet  bowl  (1),  a  sewage  col- 
lection  device  (3,  5),  a  normally-closed  sewer 
valve  (2)  connected  between  each  toilet  bowl  (1) 

30  and  the  sewage  collection  device  (3,  5),  a  va- 
cuum  generator  (8)  for  exhausting  air  from  the 
sewage  collection  device  (3,  5)  to  create  a  partial 
vacuum  in  the  sewage  collection  device  (3,  5)  of 
a  magnitude  sufficient  for  effective  transport  of 

35  sewage  from  the  toilet  bowl  (1)  into  the  sewage 
collection  device  (3,  5)  and  a  malodour-combat- 
ting  means  (9)  for  operating  on  the  air  exhausted 
from  the  sewage  collection  device  (3,  5)  by  the 
vacuum  generator  (8),  characterised  by  means 

40  (20,  21  ,  22)  for  rendering  said  malodour-combat- 
ting  means  (9)  ineffective  when  the  transport  ve- 
hicle  is  moving  at  a  speed  that  exceeds  a  preset 
limit  value. 

45  5.  A  vacuum  toilet  system  according  to  claim  4, 
characterised  in  that  the  malodour-combatting 
means  includes  an  odour  removing  filter  (9). 

6.  A  vacuum  toilet  system  according  to  claim  4  or 
so  claim  5,  characterised  in  that  means  (21)  is  pro- 

vided  for  sensing  the  speed  of  the  transport  ve- 
hicle  and  automatically  rendering  the  malodour- 
combatting  means  (9)  ineffective  when  the  speed 
of  the  transport  vehicle  exceeds  said  preset  limit 

55  value. 

7.  A  method  or  system  according  to  any  preceding 
claim,  characterised  in  that  said  limit  value  is  at 

4 
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least  20  km/h,  preferably  about  40  km/h. 

8.  Avacuum  toilet  system  according  to  any  of  claims 
4  to  7,  characterised  in  that  the  means  for  render- 
ing  the  malodour-combatting  means  (9)  ineffec-  5 
tive  comprises  a  by-pass  duct  (20)  connected  in 
parallel  with  said  malodour-combatting  means 
(9). 

9.  A  vacuum  toilet  system  according  to  claim  8,  10 
characterised  in  that  the  flow  resistance  of  the 
by-pass  duct  (20)  is  considerably  lower  than  the 
flow  resistance  of  the  malodour-combatting 
means  (9)  and  in  that  the  system  includes  a  shut- 
off  valve  (23)  connected  in  the  by-pass  duct  (20).  15 

10.  A  vacuum  toilet  system  according  to  claim  8, 
characterised  in  that  an  exhaust  duct  is  provided 
for  air  drawn  from  the  sewage  collection  device 
(3,  5),  said  exhaust  duct  having  an  upstream  por-  20 
tion  (1  9a)  and  a  downstream  portion  (1  9b),  in  that 
the  malodour-combatting  means  (9)  is  connected 
between  the  upstream  portion  (19a)  of  the  ex- 
haust  duct  and  the  downstream  portion  (19b) 
thereof,  and  in  that  the  system  further  comprises  25 
a  three-way  valve  (23)  allowing  one  of  said  por- 
tions  of  the  exhaust  duct  to  be  connected  either 
to  the  by-pass  duct  (20)  or  the  malodour-combat- 
ting  means  (9). 

30 
1  1  .  Avacuum  toilet  system  according  to  any  of  claims 

4  to  10,  characterised  in  that  control  means  re- 
sponsive  to  a  toilet  flushing  impulse  is  provided  to 
cause  the  vacuum  generator  (8)  to  operate  until 
the  partial  vacuum  necessary  for  transportation  35 
of  waste  material  from  the  toilet  bowl  (1)  has  been 
generated. 

5 
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